Effects of Sea Level Rise in the lower Chehalis River and Grays Harbor estuary by Sandell, Todd & McAninch, Andrew
Western Washington University 
Western CEDAR 
Salish Sea Ecosystem Conference 2014 Salish Sea Ecosystem Conference (Seattle, Wash.) 
May 1st, 8:30 AM - 10:00 AM 
Effects of Sea Level Rise in the lower Chehalis River and Grays 
Harbor estuary 
Todd Sandell 
Wild Fish Conservancy, todd@wildfishconservancy.org 
Andrew McAninch 
Wild Fish Conservancy 
Follow this and additional works at: https://cedar.wwu.edu/ssec 
 Part of the Terrestrial and Aquatic Ecology Commons 
Sandell, Todd and McAninch, Andrew, "Effects of Sea Level Rise in the lower Chehalis River and Grays 
Harbor estuary" (2014). Salish Sea Ecosystem Conference. 93. 
https://cedar.wwu.edu/ssec/2014ssec/Day2/93 
This Event is brought to you for free and open access by the Conferences and Events at Western CEDAR. It has 
been accepted for inclusion in Salish Sea Ecosystem Conference by an authorized administrator of Western 
CEDAR. For more information, please contact westerncedar@wwu.edu. 
Sea Level Rise in the Grays Harbor 
Estuary:  
Applying what we’ve learned to salmon habitat 
conservation and planning
Todd Sandell*  and  Andrew McAninch 
Wild Fish Conservancy
Climate Change: 
Historical and future trends in 
river flow due to precipitation 
and snowmelt for 3 Washington 
Rivers (red is future max)
Rainfall dominant system
Transient system
Snowmelt dominant system
Mantua, Tohver, and Hamlet, 2009. Climate Impacts Group, University of Washington 2
Short term trends in SLR
(1993-2003)
Long term trends in SLR
(1955-2003)
Source: Figure 5.15b from the 
2007 IPCC report
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Sea Level Rise Modeling Goals
1. Which areas of the Grays Harbor estuary will see the 
most rapid change ?
2. Which habitats will have the greatest reductions or gains ?
3. How can the modeling inform infrastructure planning 
that benefits conservation ?
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Grays Harbor Estuary Zones and Habitats
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Tidal forest/swamp (“Surge Plain”)
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Tidal fresh water marsh (Upper estuary)
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Salt marsh (South Bay, Upper Estuary)
aka “regularly flooded marsh” 8
Mud flats (North Bay, Central Estuary)
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Sea Level Affecting Marshes Model 
(SLAMM), version 6
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Developed by Warren Pinnacle Consulting* with funds from U.S. EPA
• Uses changes in sea-level with inundation, erosion, overwash, 
saturation, and accretion to predict changes in wetland type
• 2010, Ducks Unlimited modeled GH using NED data (20 or 40 ft. 
contours) and LIDAR (10 meter cells; surge plain only)
• Model used 30 meter cells to calculate habitat areas
• Used National Wetlands Inventory (1981) habitat types
http://warrenpinnacle.com/prof/SLAMM/.html
How will Sea Level Rise (SLR) Affect 
The Amount and Type of Habitat in the 
Grays Harbor Estuary? 
2012 Wild Fish Conservancy analysis
• Used newly available high resolution LIDAR data (2 meter)…
• No bathymetry data; imprecise mapping of tidal flat areas
• Modeled 59 cm (~23 inches) SLR (A1B max), as well as 75cm 
(~30 inches) and 100 cm (~39 inches)
• Mapped and calculated change in habitat area
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SLAMM Inundation modeling results
Major changes by 2100 (A1B): huge loss in mud flats (83% of 14k ha), 
2.4-fold increase in salt marsh, 6-fold increase in irregularly flooded 
marsh area, 26 fold increase in traditional marsh
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Initial Condition (1981) 2100- Scenario A1B max (~59 cm)
SLR effects on the Surge Plain
97% decline in forested swamp land (from ~2,600 hectares)
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Lessons learned…
• Plan ahead: Match habitat classification schemes
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Applying SLR Models to Planning 
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Moving route 105 will save $$ and preserve 
habitat as SLR occurs
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Plan Ahead to Move Infrastructure
Auto wrecking yard on Charlie Creek
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Sources of Uncertainty
A small vertical change can result in a very large effect 
on inundation in areas with low elevation
• Digital Elevation Modeling (DEM): interpolation 
(down to 1 meter)
• SLAMM model uncertainty based on grid size 
(limited by computational ability, time)
• LIDAR data resolution (now @ 2 meters, but can be 
improved)
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What’s next… The future surge plain
current 2050?
2100?
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Questions?
email:   todd@wildfishconservancy.org
andrew@wildfishconservancy.org
To view the full report: http://wildfishconservancy.org/projects/
and click on “Grays Harbor…” 20
Area in Hectares (Ha)
NWI habitat categories 1981 (Ha) A1B (Ha) % of 1981 75cm (Ha) % of 1981 1 m (Ha) % of 1981
Dry Land 32,788.9 28,802.9 88 28,665.2 87 28,101.0 86
Nontidal Swamp 1,544.0 660.3 43 635.7 41 529.2 34
Inland Fresh Marsh 788.3 355.6 45 346.3 44 306.1 39
Tidal Fresh Marsh 327.3 36.2 11 31.6 10 18.3 6
Transitional Marsh / Scrub Shrub 13.9 3,692.6 26532 3,671.4 26380 2,773.4 19928
Regularly Flooded Marsh (Saltmarsh) 1,109.5 2,674.1 241 2,873.3 259 4,523.6 408
Estuarine Beach 265.3 179.6 68 176.9 67 131.4 50
Tidal Flat 14,926.6 2,481.3 17 2,489.4 17 2,554.7 17
Inland Open Water 106.3 56.4 53 55.2 52 51.7 49
Riverine Tidal Open Water 656.5 49.3 8 48.8 7 45.9 7
Estuarine Open Water 8,664.5 22,260.0 257 22,274.4 257 22,392.1 258
Irregularly Flooded Marsh 408.7 2,497.6 611 2,487.8 609 2,361.5 578
Inland Shore 67.6 61.6 91 61.1 90 52.5 78
Tidal Swamp 2,209.3 69.2 3 59.7 3 35.2 2
Sea Level Rise
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Grays Harbor estuary salinity zones
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